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SYSTEMS AND METHODS FOR
MONITORING CONDITIONS ON SHELVES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/398,223, filed Sep. 22, 2016,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This invention relates generally to monitoring con-
ditions on shelves, and more particularly, to monitoring
conditions on shelves containing merchandise in shopping
facilities.

BACKGROUND

[0003] One important aspect in the retail setting is the
monitoring of inventory and other conditions on shelves. At
shopping facilities, the inventory on shelves containing
different types of merchandise is monitored to make sure a
sufficient quantity of inventory remains on the shelves.
When a shelf intended to hold certain merchandise is empty,
customers seeking that merchandise may become frustrated
and may decide to forego purchase of that merchandise,
leading to lost sales.

[0004] This monitoring of inventory on shelves may be
made more challenging by the nature of the shelves them-
selves. In some shopping facilities, the shelves may be
configured in a stacked arrangement where it may be diffi-
cult to see how much merchandise remains on any particular
shelf. The shelves may be in the nature of modular shelfs
that are moveable between a retracted position for holding
merchandise (where the merchandise may not be readily
visible) and a pulled out position (where the merchandise on
the shelf may be more readily visible). It would be desirable
to develop a monitoring system where the shelves are
monitored when in the pulled out position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Disclosed herein are embodiments of systems,
apparatuses and methods pertaining to monitoring condition
on shelves containing merchandise. This description
includes drawings, wherein:

[0006] FIG. 1 is a schematic representation in accordance
with some embodiments;

[0007] FIG. 2 is a schematic representation in accordance
with some embodiments;

[0008] FIG. 3 is a schematic representation in accordance
with some embodiments;

[0009] FIG. 4 is a block diagram in accordance with some
embodiments;
[0010] FIG. 5 is a flow diagram in accordance with some

embodiments; and

[0011] FIGS. 6A, 6B, 6C, 7A, 7B, 8A, 8B, 9A, 9B and 10
are illustrations of several sound emitters in accordance with
some embodiments.

[0012] Elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For
example, the dimensions and/or relative positioning of some
of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of various
embodiments of the present invention. Also, common but
well-understood elements that are useful or necessary in a
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commercially feasible embodiment are often not depicted in
order to facilitate a less obstructed view of these various
embodiments of the present invention. Certain actions and/
or steps may be described or depicted in a particular order
of occurrence while those skilled in the art will understand
that such specificity with respect to sequence is not actually
required. The terms and expressions used herein have the
ordinary technical meaning as is accorded to such terms and
expressions by persons skilled in the technical field as set
forth above except where different specific meanings have
otherwise been set forth herein.

DETAILED DESCRIPTION

[0013] Generally speaking, pursuant to various embodi-
ments, systems, apparatuses and methods are provided
herein useful to monitoring conditions on shelves intended
to contain merchandise. In some embodiments, there is
provided a system for monitoring conditions on shelves in
shopping facilities including: a shelf having an interior
configured to hold merchandise in a shopping facility, the
shelf being moveable between a first position and a second
position; a sound emitter operatively coupled to the shelf
and configured to produce a predetermined sound in
response to movement of the shelf from the first position to
the second position; an image sensor configured to capture
at least one image of the interior of the shelf when in the
second position; at least one audio sensor configured to
detect the predetermined sound indicating the shelf is being
moved from the first position to the second position and to
transmit a signal; and a control circuit operatively coupled to
the image sensor and the at least one audio sensor, the
control circuit configured to receive the signal from the at
least one audio sensor and to cooperate with the image
sensor in response to the signal to capture the at least one
image of the interior of the shelf when in the second
position.

[0014] Further, in the system, the shelf may include a
bottom surface including at least one of color, grid markings,
a ruler, or other indicia indicating the amount of merchan-
dise on the shelf. In addition, in the system, the sound
emitter may be configured to emit a predetermined sound
having a frequency inaudible to humans. Also, in the system,
the sound emitter may be configured to emit a predetermined
sound having a specific frequency; and the control circuit
may be configured to identify the shelf from a plurality of
shelves based on the specific frequency of the sound pro-
duced by the sound emitter. Moreover, in the system, the
sound emitter may include at least one of a flexible piece of
metal, a compressible diaphragm, a speaker, and an air
bladder. Further, in the system, the image sensor may
include at least one of video cameras, charged-coupled
devices, and active-pixel sensors.

[0015] In addition, in the system, the at least one audio
sensor may include a predetermined array of audio sensors
arranged about a predetermined area of the shopping facility,
the array of audio sensors arranged to detect the predeter-
mined sound and triangulate the location of the shelf within
the shopping facility. Moreover, in the system, the audio
sensors may comprise microphones. Also, in the system, the
control circuit, in response to receipt of the signal, may be
configured to perform at least one of: activate the image
sensor to capture the at least one image at or near the time
of receipt of the signal; and record the time of receipt of the
signal to determine the position of the at least one image
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from a plurality of images captured by the image sensor.
Further, in the system, the control circuit, in response to
receipt of the signal, may be configured to determine the
location of the shelf and instruct movement of the image
sensor to orient on that location.

[0016] Also, in the system, the image sensor may be
oriented on a plurality of shelves; and the control circuit, in
response to receipt of the signal, may be configured to
determine the location of the shelf that is in the second
position and to determine a region of the at least one image
corresponding to that location. Moreover, in the system, the
control circuit may be configured to: determine the location
of the shelf in the shopping facility based on the predeter-
mined sound detected by the at least one audio sensor; and
access a shopping facility geographic database identifying
locations of merchandise in the shopping facility to deter-
mine the type of merchandise on the shelf. In addition, in the
system, the control circuit may be configured to: calculate an
amount of merchandise on the shelf based on the at least one
image; and access and update an inventory database.
[0017] In some embodiments, there is provided a method
for monitoring conditions on shelves in shopping facilities
including: providing a shelf having an interior configured to
hold merchandise in a shopping facility, the shelf being
moveable between a first position and a second position; by
a sound emitter, producing a predetermined sound in
response to movement of the shelf from the first position to
the second position; by an image sensor, capturing at least
one image of the interior of the shelf when in the second
position; by at least one audio sensor, detecting the prede-
termined sound indicating the shelf is being moved from the
first position to the second position and transmitting a signal;
and by a control circuit, receiving the signal from the at least
one audio sensor and, in response to the signal, cooperating
with the image sensor to capture the at least one image of the
interior of the shelf when in the second position.

[0018] FIGS. 1-3 are schematic representations showing a
system 100 for monitoring conditions on shelves. In one
form, the system 100 is configured to monitor the merchan-
dise and inventory of pull-out shelves at shopping facilities.
As addressed further below, the system 100 generally
includes a sound emitter that is activated when a shelf is
pulled out, which, in turn, is picked up by, at least, one audio
sensor. The audio sensor(s) are coupled to a control circuit
that activates an image sensor for capturing image(s) of the
shelf in the pull-out configuration.

[0019] In one form, the system 100 may relate to moni-
toring pull out shelves for stocking. As addressed further
below, the system 100 may include shelves with locking
drawer slide assemblies and distributed cameras and micro-
phones. The drawers may be unlocked and pulled out by
employees for stocking. When a drawer on a shelf is opened
or closed, the shelf may make a distinct sound (e.g., a click)
that is detected by the microphones, which then causes the
camera system to photograph the items on the shelf before
stocking and after stocking is completed. The system 100
may use the captured images to determine: the fullness of the
shelf, product placement, proper zoning of the products, and
orientation of the products.

[0020] Asshown in FIG. 1, the system 100 includes a shelf
102 having an interior 104 configured to hold merchandise
106 with the shelf 102 being moveable between a first
position and a second position. In one form, the first position
may be a retracted position in which the merchandise 106 is
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displayed and presented for purchase by customers, such as
the two bottom shelves shown in FIG. 1. The shelf 102 may
lock into place when in this first position or pushed back into
this first position. In this form, shelf 102 may slide out from
this first position into a second, pulled-out position in which
the merchandise 106 may be stocked, rearranged in a first-in
first-out pattern, or otherwise handled by a shopping facility
employee, such as the top most shelf shown in FIG. 1. It is
generally contemplated that any of various types of shelves
and shelving arrangements may be used. For example, in
one form, the shelving arrangement may be a modular
shelving arrangement with the shelving arranged in a ver-
tically stacked manner. Although the shelf 102 is shown in
FIG. 1 as being pulled out in a horizontal direction from a
first position to a second position, it is further contemplated
that the shelf may be moveable in other ways (pushed, lifted,
dropped, etc.) and in other directions (vertically, some
combination of horizontally and vertically, etc.)

[0021] The shelf 102 may also include a bottom surface
108 having visual aids that assist in determining the amount
of merchandise 106 on the shelf 102. For example, these
visual aids may include color, grid markings, a ruler, and/or
other indicia on the bottom surface 108 indicating the
amount of merchandise 106 on the shelf 102. If a certain
amount of color is visible, this color may indicate that a
small amount of merchandise 106 is remaining on the shelf
102. In addition, or alternatively, grid markings may allow
a calculation of the amount of merchandise 106 remaining
on the shelf 106.

[0022] The system 100 also includes a sound emitter 110
operatively coupled to the shelf 102 and configured to
produce a predetermined sound in response to movement of
the shelf 102 from the first position to the second position.
In one form, the sound emitter 110 may produce a mechani-
cal “click” sound when the shelf is extended from the first
position to the second position. In FIG. 1, the sound emitter
110 is shown as located at a proximal end of the shelf 102
near the customers when the shelf 102 is in the first position
(e.g., retracted position). As the shelf 102 is being pulled out
to the second position, the sound emitter 110 generates the
predetermined sound and may be located at an intermediate
point along the shelf 102 after the shelf 102 has been pulled
out to the second position. As should be evident, the sound
emitter 110 may be located at various different points along
the shelf 102. For example, it may also be located at a distal
end of the shelf 102 away from the customers (or at any
point between the proximal and distal ends).

[0023] The system 100 may generally include any types of
sound emitters 110 that are activated when force is applied
to shelves to generate a sound inside and/or outside of
human audible frequencies. The sound emitter 110 may
comprise a device configured to produce a sound in response
to any movement of the shelf 102. While the sound emitter
102 is shown to be coupled to a bottom portion of the shelves
102 in FIG. 1, in some embodiments, the sound emitter 110
may be coupled to other parts of the shelves 102, such as to
an upper portion, side portion, etc., depending on the spe-
cific nature and configuration of the shelves 102. In some
embodiments, the shelves 102 may include a plurality of
sound emitters 110 coupled to different portions of the
shelves 102. In some embodiments, the sound emitters 110
may be configured to produce a sound based on the move-
ment of the shelves 102 relative to a fixed structure, such as
the floor, a wall, a pillar, and a divider, and/or another
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support structure. For example, the sound emitter 110 may
be actuated when a gap between two support structures
narrows and/or widens. In some embodiments, the sound
emitter 110 may be configured to produce a sound based on
the movement of an item relative to a support structure. In
some embodiments, the sound emitter 110 may be config-
ured to produce different sounds based on the direction of
movement of the shelf 102. For example, a first sound may
be produced when a forward movement is detected and a
second sound may be produced when a backward movement
is detected.

[0024] Insome embodiments, the shopping space includes
a plurality of shelves 102 (or shelving units 112) with each
shelf 102 or unit 112 having a sound emitter 110 that is
configured to make a distinguishable sound. For example,
each sound emitter 110 may produce a sound that is distin-
guishable based on its sound characteristics such as sound
frequency, tone, modulation, duration etc. In some embodi-
ments, a sound emitter 110 may produce two or more sound
frequencies and be distinguishable based on the combination
of frequencies. In some embodiments, the sound emitter 110
may be configured to produce a sound inside the human
audible frequency (e.g., 20 to 20,000 Hz) and/or outside of
the audible frequency. In some embodiments, the sound
emitter 110 may comprise a mechanical device requiring no
electricity to produce a sound. In some embodiments, the
sound emitter device 108 may comprise an electric sound
emitter powered by a power grid, a battery, photovoltaic
cells, etc. Several embodiments of the sound emitter device
110 are described in more detail below with reference to
FIGS. 6A-10 herein.

[0025] In some embodiments, a sound emitter may be
configured to produce a sound having a first characteristic
when a movement in the first direction is detected and to
produce a sound having a second characteristic when a
movement in the second direction is detected. For example,
a sound emitter may comprise two compressible dia-
phragms. The first compressible diaphragm may be com-
pressed by a backward motion of the shelf 102 to produce a
first sound and the second compressible diaphragm may be
compressed by a forward movement of the shelf 102 to
produce a second sound. In some embodiments, the system
100 may be configured to determine whether the detected
sound is associated with a shelf 102 being closed (e.g.,
backward motion) or opened (e.g., forward motion) based
on the characteristics of the detected sound.

[0026] In some embodiments, the system 100 may be
configured to determine a shelf 102 (or shelving unit 112)
associated with a sound emitter 110 based on one or more of
a characteristics of the captured sound and the location of the
sound source. In some embodiments, the sound emitters 110
in a shopping space may be configured to produce a sound
having distinguishable characteristics such as one or more of
frequency, tone, amplitude, modulation, and duration. For
example, a sound emitter 110 on a first shelf 102 may
produce a sound having a first specific frequency and a
sound emitter 110 on a second shelf 102 may produce a
sound having a second frequency different from the first
frequency. The system 100 may have stored, in a memory,
a list of sound characteristic profiles for each sound emitter
110 coupled to a shelf 102 in the shopping space. The system
100 may identify the shelf 102 associated with the captured
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sound based on comparing the captured sound with the
stored sound characteristics profiles of each sound emitter
110.

[0027] The system 100 also includes an image sensor 114
configured to capture at least one image of the interior 104
of the shelf 102 when in the second position. In one form,
as can be seen in FIG. 1, the interior 104 of the shelf 102
may not be readily visible to the image sensor 110 when in
the first position. In this example, the first position may be
a retracted position, and some or all of the merchandise 106
on the shelf 102 may be hidden from view by portions of
other shelves 102 or support portions of the shelving unit
112. In contrast, in the second position, the shelf has been
pulled out, and the interior 104 of the shelf 102 (and the
merchandise 106 thereon) is readily visible. In this example,
the merchandise 106 is in the line of sight of the image
sensor 114, and the image sensor 114 has been positioned so
that it has an unobstructed view of the merchandise 106
when the shelf 102 is in the second position.

[0028] Any of various types of image sensor 114 may be
used. The image sensor 114 may include any type of video
camera or optical camera. For example, in one preferred
form, the image sensors 114 may include charged-coupled
devices, also referred to as CCD camera(s). These digital
imaging devices may be selected to be relatively small in
size and provide relatively high-quality image data. Alter-
natively, it is also contemplated that active-pixel sensors
(APS) may be used (which include CMOS APS sensors).
These sensors generally provide lower quality image data
but may be less expensive than CCD sensors and use less
power. The image sensors 114 are positioned to be able to
view the merchandise 106 on the shelf 102 when in the
second position, and an image sensor 114 may be positioned
in order to view multiple shelves 102 or shelving units 112.
[0029] As shown in FIGS. 2 and 3, the system 100 also
includes at least one audio sensor 116 configured to detect
the predetermined sound indicating the shelf 102 is being
moved from the first position to the second position. In turn,
the audio sensor(s) 116 transmit a signal to a control circuit
118. As described in further detail below, the control circuit
118 is configured to receive the signal from the audio
sensor(s) 116 and to cooperate with the image sensor 114 to
capture image(s) of the interior 104 of the shelf 102 when in
the second position.

[0030] In one form, the audio sensor(s) 116 may be
configured to cooperate with the sound emitters 110 to
receive an audio signal within a desired frequency range. It
may be desirable to select this frequency range so that the
audio signal is generally inaudible to human hearing so as
not to disturb customers at the shopping facility. As
addressed, the sound emitters 110 may be selected and
configured to generate an audio signal having any desired
acoustic characteristics, such as frequency, volume, and the
like.

[0031] In this form, the audio sensor(s) 116 may be in the
form of an array of microphones 120, such as shown in FIG.
2. The microphones 120 may be arranged in a desired pattern
within a predetermined area of the shopping facility. For
example, the microphones 120 may be arranged in a grid-
like pattern with each microphone 120 spaced a certain
distance from other microphones 120. With this arrange-
ment, it is possible to triangulate the location of the sound
emitter 110 (and shelf 102) by determining which specific
individual microphones 120 detect the audio signal and the
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signal strength at these microphones 120. Generally, the
accuracy of triangulation will depend on the number and
arrangement of the microphones 120. Although this descrip-
tion has involved audio signals and microphones, it should
be evident that other types of signals and sensors may be
used, such as antennas for receiving RF signals. Further,
although one general triangulation approach has been
described, any of various existing indoor localization tech-
niques and algorithms may be used and appropriate in
certain circumstances (including techniques based on angle
of arrival and time of flight). Localization may be accom-
plished by wired or wireless communication.

[0032] In an alternative form, as addressed, the sound
emitters 110 may be configured to emit different tones or a
different sequence of tones with each unique tone or
sequence of tones signifying a different identification code.
The acoustic characteristics, such as frequency, volume, and
the like, may be varied to signify different shelves 102 (or
shelving units 112). Each different identification code may
thereby communicate specific information regarding the
location of the shelf 102 (or shelving unit 112) within the
shopping facility, the product type in the shelf 102 (or
shelving unit 112), and/or other desired data.

[0033] When a sound is detected by the audio sensor(s),
the control circuit 118 receives a signal from the audio
sensor(s) 116. The control circuit 118 may be in wired or
wireless communication with the audio sensor(s) 116. As
described herein, the language “control circuit” refers
broadly to any microcontroller, computer, or processor-
based device with processor, memory, and programmable
input/output peripherals, which is generally designed to
govern the operation of other components and devices. It is
further understood to include common accompanying acces-
sory devices, including memory, transceivers for communi-
cation with other components and devices, etc. These archi-
tectural options are well known and understood in the art and
require no further description here. The control circuit 118
may be configured (for example, by using corresponding
programming stored in a memory as will be well understood
by those skilled in the art) to carry out one or more of the
steps, actions, and/or functions described herein.

[0034] As shown in FIG. 4, the control circuit 118 may be
coupled to a memory 122, a network interface 124, and
network(s) 126. The memory 122 can, for example, store
non-transitorily computer instructions that cause the control
circuit 118 to operate as described herein, when the instruc-
tions are executed, as is well known in the art. Further, the
network interface 124 may enable the control circuit 118 to
communicate with other elements (both internal and external
to the system 100). This network interface 124 is well
understood in the art. The network interface 124 can com-
municatively couple the control circuit 118 to whatever
network or networks 126 may be appropriate for the cir-
cumstances. The control circuit 118 may be in communica-
tion with the server 128 of a shopping facility and may make
use of cloud databases and/or operate in conjunction with a
cloud computing platform.

[0035] The control circuit 118 is operatively coupled to
and cooperates with the image sensor 114 to capture images
of the shelf 102 in the second position. The control circuit
118 may cooperate with the images sensor 114 in various
ways. In one form, the control circuit 118, in response to
receiving a signal from the audio sensor(s) 116, may be
configured to activate the image sensor 114 to capture
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image(s) at or near the time of receipt of the signal. In this
form, it is generally contemplated that the image sensor 114
may be oriented in the general direction of the shelf 102 and
may capture images only in response to the control circuit
118 in order to save on image and processing resources. In
addition, the control circuit 118 may be configured to record
the time of receipt of the signal to determine the position of
a specific image or sequence of images from a plurality of
images captured by the image sensor 114. This time of
receipt may be stored in memory 122 and may help identify
and sort images corresponding to specific shelves 102 or
shelving units 112.

[0036] Alternatively, it is contemplated that the image
sensor 114 may be capturing a generally uninterrupted
sequence of images over a certain period of time. The image
sensor 114 may not be triggered at discrete moments in time
to capture a limited number of images when shelves 102 are
in the second position. In this form, it is contemplated that
the control circuit 118 may record the time of receipt of the
signal from the audio sensor(s) corresponding to when
shelves 102 are in the second position. Again, these times of
receipt may be stored in memory 122 and may allow
searching of the sequence of images for the exact time
frames and images corresponding to shelves 102 in the
second position.

[0037] In one form, the control circuit 118, in response to
receiving the signal, may be configured to determine the
location of the shelf 102 and instruct movement of the image
sensor 114 to orient on that location. In this form, it is
contemplated that the image sensor 114 is moveable, rather
than fixed in position. The image sensor 114 moves so that
the shelf 102 corresponding to the sound emitter 110 is in its
field of view and the exposed merchandise 106 on the shelf
102 is visible.

[0038] In another form, the image sensor 114 may be
oriented on a group of shelves 102; and the control circuit
118, in response to receipt of the signal, may be configured
to determine the location of the shelf 102 that is in the
second position and to determine a region of the at least one
image corresponding to that location. In this form, one
portion of the image will show the shelf 102 in the pulled-
out orientation, and other portions of the image may show
other shelves that are in a retracted orientation. So, in this
form, it is generally contemplated that the image sensor 116
may be fixed and that the images may need to be analyzed
to determine the portion of the image showing the shelf 102
in the second position. Alternatively, the control circuit 118
and the image sensor 116 may be configured to cooperate to
cause the image sensor 116 to zoom onto the pulled-out shelf
102 based on the location of the detected sound. It should be
understood that both moveable and fixed image sensors 114
are generally contemplated herein.

[0039] In one form, it is contemplated that the control
circuit 118 may access one or more databases to collect data
for performing its functions. It may access these databases
through a server 128, and/or the server 128 may be consid-
ered to form part of the control circuit 118. For example, the
control circuit 118 may be configured to: determine the
location of the shelf 102 in the shopping facility based on the
sound detected by the audio sensor(s) 116; and access a
shopping facility geographic database 130 identifying loca-
tions of merchandise 106 in the shopping facility to deter-
mine the type of merchandise 106 on the shelf 102. So, for
example, the audio sensor(s) 116 may constitute an array of
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microphones 120 that can triangulate the location of the
sound emitter 110 within the shopping facility, and the
control circuit 118 may access the geographic database 130
to determine what type of merchandise is at that store
location.

[0040] The control circuit 118 may be further configured
to: calculate an amount of merchandise 106 on the shelf 102
based on the captured image(s); and access and update an
inventory database 132. For example, the bottom surface
108 of the shelf 102 may include indicia that may aid in the
calculation of the amount of merchandise 106 on the shelf
102. The control circuit 118 may use image analysis tech-
niques to determine the proportion of the shelf 102 that is
occupied by merchandise 106 in order to calculate inventory
at the shelf 102. It is further contemplated that the control
circuit 118 may conduct additional operations involving the
inventory database 132, such as triggering the ordering of
additional merchandise when the inventory amount in the
inventory database 132 falls below a certain level.

[0041] Although the system 100 has been described gen-
erally in the context of monitoring the amount of merchan-
dise 106 on shelves 102 (inventory), it should be understood
that the system 100 may also be used to monitor other
conditions on shelves 102. For example, the system 100 may
be used to monitor the facing and orientation of the mer-
chandise 106 on shelves 102. In addition, the system 100
may monitor whether incorrect products are on the shelves
102. In one form, the system 100 may use the captured
image(s) in conjunction with image recognition comparison
(to product images in an image database) to determine if the
merchandise is front facing, standing upright, and/or of the
correct type of merchandise intended for that particular
shelf.

[0042] Referring to FIG. 5, there is shown a process 200
for monitoring conditions on a shelf in a shopping facility
that is intended to hold merchandise. The process 200 may
use the system 100 and some or all of the components
described above. The process 200 generally makes use of a
sound emitter that produces a sound when the shelf is moved
from a first position to a second position. This sound is
detected by audio sensors, which, in turn, cause a control
circuit to activate an image sensor to capture images of the
interior of the shelf

[0043] At block 202, merchandise is deposited on a shelf.
It is generally contemplated that the shelf may be part of a
modular shelving unit at a shopping facility, and the shelf
has an interior configured to hold merchandise. Further, it is
generally contemplated that the shelf is moveable between a
first position (for display and purchase of the merchandise
by customers) and a second position (for stocking and other
activities by a shopping facility employee). For example,
employees may pull out drawers when they are facing the
product (bringing product from back to front) and during
stocking and during counting of merchandise. In one form,
the first position may be a pushed-in, retracted position that
is not readily visible from outside the shelf, while the second
position may be a pulled-out position that may be more
readily visible to an image sensor in the shopping facility. In
one form, employees will have deposited (or stocked) mer-
chandise on the shelf.

[0044] At block 204, the shelf is moved from the first
position to the second position producing a predetermined
sound. For example, in one form, this movement may occur
due to an employee pulling out the shelf. It is contemplated
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that any of various types of sound emitters are disposed on,
at, or adjacent the shelf so as to produce the sound. For
example, these sound emitters may include a flexible piece
of metal, a compressible diaphragm, a speaker, and an air
bladder. The predetermined sound may have desired audi-
tory characteristics (frequency, volume, etc.), and different
types of sounds may be used to identity different shelves or
shelving units. The sound may also be tailored so that it is
inaudible to human hearing so as not to disturb customers.
[0045] At block 206, the sound created by the movement
of the shelf is detected as it is moved from the first position
to the second position. As addressed above, it is contem-
plated that this detection may be accomplished in various
ways. For example, in one form, the shopping facility may
have one or more audio sensor(s) that are equipped to detect
a unique sound emitted by each emitter (for example, a
unique frequency emitted by each emitter). As another
example, the shopping facility may have a number of audio
sensors in the form of an array of microphones disposed
about certain areas of the shopping facility in a predeter-
mined pattern. In one form, the microphones may be
arranged equidistantly in a grid-like pattern with each micro-
phone separated from an adjacent microphone by a certain
desired distance. These microphones are configured to
detect the sound emitted by the sound emitter.

[0046] At block 208, a signal is received indicating move-
ment of the shelf from the first position to the second
position. In one form, the audio sensor(s) may transmit one
or more signals to a control circuit in response to the
detecting the sound emitted by the sound emitter. It is
contemplated that the signal(s) may be transmitted by wired
or wireless communication.

[0047] At block 210, the location of the shelf is deter-
mined. This determination may be accomplished in a num-
ber of ways. In one form, each sound emitter may be
configured to emit a unique sound (for example, each sound
emitter may emit a different frequency), and this unique
sound may be correlated to a specific shelf/shelving unit
location in a memory or database (such as in a shopping
facility geographic database). This unique sound can then be
used to determine the location by consulting the memory or
database. In other words, the sound emitter may emit a
predetermined sound having a specific frequency, and the
control circuit may identify the shelf from multiple shelves
based on the specific frequency of the sound produced by the
sound emitter. In another form, involving an array of micro-
phones, the location of the shelf may be determined by using
triangulation or other indoor localization techniques. The
information regarding the particular microphones that detect
the sound and the audio signal strength at each microphone
can be used to determine the shelf location. It should be
understood that the steps of the process 200 can be per-
formed in a different order than set forth herein.

[0048] At block 212, an image sensor is activated in
response to the receipt of the signal. It is generally contem-
plated that the control circuit has received signal(s) from the
audio sensor(s) and that the location of the shelf or shelving
unit has been determined. The control circuit can activate the
image sensor that is directed to the shelf or shelving unit. In
one form, it is contemplated that the correspondence
between image sensor and shelf/shelving unit location may
be stored in a memory or database (such as in a shopping
facility geographic database) and may be accessed to deter-
mine the appropriate image sensor to be activated. In one
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form, it is contemplated that the image sensor may be
moveable, and the control circuit may determine the location
of the shelf and may instruct movement of the image sensor
to orient on that location. In another form, it is contemplated
that the image sensor may be stationary and may be oriented
on multiple shelves such that the shelf constitutes only a
portion of the image(s). In this form, the control circuit may
determine the location of the shelf that is in the second
position and may determine the region of the image(s)
corresponding to that location.

[0049] At block 214, one or more image(s) may be cap-
tured of the shelf in the second position. It is contemplated
that various types of image sensors may be used and that the
image(s) may be captured in various ways. For example, in
one form, the image sensor may be configured so that it does
not capture any image(s) until activated by the control
circuit. Then, when activated, the image sensor may capture
just one image or a small number of images at or near the
time of receipt of the signal. In this way, imaging and
processing resources may be conserved. In another form, it
is contemplated that, during ordinary operation, the image
sensor may be capturing a steady sequence of images
(video) of the shelf/shelving unit. Then, when the sound is
detected, the image sensor will have captured the image(s)
of the shelf in the second position, and the time of the sound
detection will be recorded. In other words, the control circuit
may record the time of receipt of the signal to determine the
position of the at least one image from the multiple images
captured by the image sensor. In this way, the exact positions
of the shelf-in-second-position images in the sequence of
images will be known.

[0050] At blocks 216, 218, and 220, the information from
the captured image(s) may be used. At block 216, the
process 200 may make use of a shopping facility geographic
database identitying different types of merchandise in the
shopping facility and their locations in the shopping facility,
i.e., what merchandise is on which shelves. This database
may be accessed to identifying the specific type of merchan-
dise at the shelf corresponding to the emitted sound. At
block 218, an amount of merchandise on the shelf may be
calculated based on the image(s). For example, the control
circuit may use image recognition techniques to count the
merchandise items on the shelf or to determine a proportion
of' the shelf that is occupied (or unoccupied) by merchandise.
The control circuit may then use this information to calcu-
late an amount of merchandise on the shelf. At block 220, an
inventory database may be accessed and updated. The
inventory database may include one or more fields that
include amounts of a certain type of merchandise located at
different areas in the shopping facility. By adjusting these
fields, the inventory for the entire shopping facility may then
be updated.

[0051] Although the process 200 has been described gen-
erally in the context of monitoring the amount of merchan-
dise on shelves, it should be understood that the process 200
may also be used to monitor other conditions on shelves. For
example, the process 200 may be used to monitor the facing
and orientation of the merchandise on shelves and the types
of products placed on the shelves. In one form, the process
200 may compare the captured image(s) using image rec-
ognition software to product images in an image database to
determine if the merchandise is front facing, standing
upright, and/or of the correct type of merchandise intended
for that particular shelf.
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[0052] Next referring to FIGS. 6A-10, illustrations of
several embodiments of sound emitter devices are shown. In
FIGS. 6A-C, a sound emitter comprising a pair of dia-
phragms is shown. The sound emitter includes a first dia-
phragm 330, a second diaphragm 320, and an actuator 310.
The actuator 310 may be part of the sound emitter device
coupled to a shelf 102. The first diaphragm 330 and the
second diaphragm 320 may each comprise a semi-flexible
material that maintains a first state when no force is applied,
and may be compressed to produce a sound when a force is
applied. In some embodiments, the first diaphragm 330 and
the second diaphragm 320 may comprise one or more of
metal, rubber, plastic, silicon, etc. In some embodiments,
each diaphragm may be made to produce a distinguishable
sound. For example, the characteristics (e.g., frequency,
tone, modulation, duration, etc.) of the sound produced by
the compression of a diaphragm may be varied based on
varying one or more of the diameter, material thickness,
curvature, shape, etc. of the diaphragm. One or more audio
sensor(s) may then determine the movement direction of the
actuator 310 based on determining whether a detected sound
is produced by the first diaphragm 330 or second diaphragm
320.

[0053] In FIG. 6A, the actuator 310 is in a neutral state in
which no detectable force is applied in either direction. In
FIG. 6B, a force 340 is applied in a backward direction to
cause the actuator 310 to compress the second diaphragm
320. The actuator 310 may be actuated by movement of the
shelf 102 in one direction. In some embodiments, after the
force 340 is removed, the actuator 310 may return to the
neutral state shown in FIG. 6A. In FIG. 6C, a force 350 is
applied in a forward direction to cause the actuator 310 to
compress the first diaphragm 330. The force 340 may be
caused by movement of the shelf 102 in the opposite
direction. In some embodiments, after the force 350 is
removed, the actuator 310 may return to the neutral state
shown in FIG. 6A. In some embodiments, the actuator 310
may be coupled to one or more springs configured to return
the actuator 310 back to the neutral state in the absence of
detectable force. In some embodiments, the first diaphragm
330 and/or the second diaphragm 320 may also produce a
sound when the diaphragm returns from a compressed state
to a neutral state. In some embodiments, the control circuit
118 and/or audio sensor(s) 116 may distinguish between the
first diaphragm 330 and the second diaphragm 320 and other
diaphragms attached to other shelves based on the sound
produced during compression or decompression of the dia-
phragm.

[0054] Next referring to FIGS. 7A-B, a sound emitter
device comprising a bendable foil is shown. The sound
emitter device includes a foil 420 and an actuator 410. The
actuator 410 may be part of the sound emitter device coupled
to a shelf 102. In some embodiments, the foil 420 may
comprise a semi-flexible material that maintains a first state
when no force is applied, and may be bend to produce a
sound when a force is applied. In some embodiments, the
foil 420 may comprise one or more of metal, rubber, plastic,
silicon, etc. In some embodiments, the foil 420 may be made
to produce a distinguishable sound. For example, the char-
acteristics of the sound produced by the compression of a
foil may be varied based on varying one or more of the foil’s
shape, size, material thickness, etc. The control circuit 118
and/or audio sensor(s) 116 may then distinguish foils
coupled to different shelves based on their sound character-
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istics. In some embodiments, the foil 420 may be configured
to produce a second sound when it returns from a bent state
to a neutral state. When an item is placed on a support
structure and a backward force and/or downward is applied
to the actuator 410, in FIG. 7B, the foil 420 may bend to
produce a sound. In some embodiments, a sound emitter
may include a second foil that may be actuated by an
actuator in the opposite direction of movement.

[0055] Next referring to FIGS. 8A-B, a sound emitter
device comprising a clicker is shown. The sound emitter
device includes a clicker 520, an actuator 510, and a spring
530. The actuator 510 may be part of the sound emitter
device coupled to a shelf 102. In some embodiments, the
clicker 520 may include a lever that strikes a sound element.
In some embodiments, the clicker 520 may be configured to
produce a distinguishable sound. For example, the charac-
teristics of the sound produced by the clicker 520 may be
varied based on varying one or more of the size, shape, and
thickness of the lever and/or the sound element of the clicker
520. The control circuit 118 and/or audio sensor(s) 116 may
then distinguish clickers coupled to different support struc-
tures based on their respective sound characteristics. When
a backward force and/or downward is applied to the actuator
510, in FIG. 8B, the clicker 520 may be actuated to produce
a sound. In some embodiments, the clicker 520 may be
coupled to a structure that remains generally fixed relative to
the shelf 102.

[0056] Next referring to FIGS. 9A-B, a sound emitter
device comprising an airbladder is shown. The sound emitter
device includes an airbladder 620, a two way air valve 625,
and an actuator 610. The actuator 610 may be part of the
sound emitter device coupled to a shelf 102. In some
embodiments, the airbladder 620 may be configured to be
compressed by the actuator 610 to push air through the two
way air valve 625. The two way air valve 625 may produce
a first sound when air leaves the airbladder 620 and a second
sound when air enters the airbladder. In some embodiments,
the two way air valve 625 may be configured to produce
distinguishable sounds. For example, the characteristics of
the sound produced by the two way air valve 625 may be
varied based on varying one or more of the size and shape
of the airbladder 620 and the one or more openings of the
two way air valve 625. The control circuit 118 and/or audio
sensor(s) 116 may distinguish airbladders and air valves
coupled to different support structures based on their sound
characteristics. When a backward force and/or downward
force is applied to the actuator 610, in FIG. 6B, the airblad-
der 620 may be compressed to produce a sound through the
two way air valve 625. As the airbladder 620 expands, air
may pass through the two way air valve 625 to produce a
second sound detectable by the audio sensor(s).

[0057] Although mechanical sound emitters 110 are pref-
erably used, the system 100 and process 200 may also utilize
electrical sound emitters 110. Referring to FIG. 10, a sound
emitter device comprising electrical speaker devices is
shown. The sound emitter comprises an actuator 710, two
contacts 724 and 723, two speakers 729 and 727 each
coupled to a contact, and a power source 721. The actuator
710 may comprise one or more contacts that are coupled to
the power source 721 and configured to contact the contacts
724 and 723. The actuator 710 may be actuated by move-
ment of the shelf 102. When a backward force is applied to
the actuator 710, the actuator 710 contacts the contact 723
and closes the circuit to power the speaker 727 to produce
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a sound. When a forward force is applied to the actuator 710,
the actuator 710 contacts the contact 724 and closes the
circuit to power the speaker 727 to produce a sound. The
speakers 727 and 729 may generally be any device config-
ured to produce a sound when power is supplied to it. In
some embodiments, each speaker may be configured to
produce a distinguishable sound such that the audio sensor
(s) may determine the direction of the force applied to the
shelf 102 based on the sound characteristics of a detected
sound. In some embodiments, a powered sound emitter
device may comprise a single speaker coupled to the con-
tacts 724 and 723 via different resistance such that the sound
produced when the actuator 710 contacts each contact varies
due to the difference in resistance. The power source 721
may be one or more of a battery, a photovoltaic cell, and a
power line. In some embodiments, the sound emitter may be
powered by wireless power harvesting.

[0058] FIGS. 6A-10 are provided as examples of a sound
emitter device according to some embodiments only. While
actuators in FIGS. 6A-10 are generally shown to apply a
horizontal force, in some embodiments, the actuators may
apply a downward force depending on the arrangement and
movement of the shelves. In some embodiments, a sound
emitter device may generally be any device configured to
emit a sound, having a frequency audible or inaudible to
humans, based on the movement of the shelves.

[0059] Those skilled in the art will recognize that a wide
variety of other modifications, alterations, and combinations
can also be made with respect to the above described
embodiments without departing from the scope of the inven-
tion, and that such modifications, alterations, and combina-
tions are to be viewed as being within the ambit of the
inventive concept.

What is claimed is:

1. A system for monitoring merchandise items on move-
able shelves in shopping facilities comprising:

a shelf having an interior configured to hold merchandise
in a shopping facility, the shelf being moveable
between a first position and a second position;

a sound emitter operatively coupled to the shelf and
configured to produce a predetermined sound in
response to movement of the shelf from the first
position to the second position;

an image sensor configured to capture at least one image
of the interior of the shelf when in the second position;

at least one audio sensor configured to detect the prede-
termined sound indicating the shelf is being moved
from the first position to the second position and to
transmit a signal; and

a control circuit operatively coupled to the image sensor
and the at least one audio sensor, the control circuit
configured to receive the signal from the at least one
audio sensor and to cooperate with the image sensor in
response to the signal to capture the at least one image
of the interior of the shelf when in the second position;

wherein the control circuit, in response to receipt of the
signal, is configured to determine the location of the
shelf and instruct movement of the image sensor to
orient on that location.

2. The system of claim 1, wherein the shelf includes a
bottom surface including at least one of color, grid markings,
a ruler, or other indicia indicating the amount of merchan-
dise on the shelf.
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3. The system of claim 1, wherein the sound emitter is
configured to emit a predetermined sound having a fre-
quency inaudible to humans.

4. The system of claim 1, wherein:

the sound emitter is configured to emit a predetermined

sound having a specific frequency; and

the control circuit is configured to identify the shelf from

a plurality of shelves based on the specific frequency of
the sound produced by the sound emitter.
5. The system of claim 1, wherein the sound emitter
comprises at least one of a flexible piece of metal, a
compressible diaphragm, a speaker, and an air bladder.
6. The system of claim 1, wherein the image sensor
comprises at least one of video cameras, charged-coupled
devices, and active-pixel sensors.
7. The system of claim 1, wherein the at least one audio
sensor comprises a predetermined array of audio sensors
arranged about a predetermined area of the shopping facility,
the array of audio sensors arranged to detect the predeter-
mined sound and triangulate the location of the shelf within
the shopping facility.
8. The system of claim 7, wherein the audio sensors
comprise microphones.
9. The system of claim 1, wherein the control circuit, in
response to receipt of the signal, is configured to perform at
least one of:
activate the image sensor to capture the at least one image
at or near the time of receipt of the signal; and

record the time of receipt of the signal to determine the
position of the at least one image from a plurality of
images captured by the image sensor.

10. The system of claim 1, wherein:

the image sensor is oriented on a plurality of shelves; and

the control circuit, in response to receipt of the signal, is

configured to determine the location of the shelf that is
in the second position and to determine a region of the
at least one image corresponding to that location.

11. The system of claim 1, wherein the control circuit is
configured to:

determine the location of the shelf in the shopping facility

based on the predetermined sound detected by the at
least one audio sensor; and

access a shopping facility geographic database identifying

locations of merchandise in the shopping facility to
determine the type of merchandise on the shelf.

12. The system of claim 11, wherein the control circuit is
configured to:

calculate an amount of merchandise on the shelf based on

the at least one image; and

access and update an inventory database.

13. A method for monitoring merchandise items on move-
able shelves in shopping facilities comprising:
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providing a shelf having an interior configured to hold
merchandise in a shopping facility, the shelf being
moveable between a first position and a second posi-
tion;

by a sound emitter, producing a predetermined sound in

response to movement of the shelf from the first
position to the second position;

by an image sensor, capturing at least one image of the

interior of the shelf when in the second position;

by at least one audio sensor, detecting the predetermined

sound indicating the shelf is being moved from the first
position to the second position and transmitting a
signal; and

by a control circuit, receiving the signal from the at least

one audio sensor and, in response to the signal, coop-
erating with the image sensor to capture the at least one
image of the interior of the shelf when in the second
position; and

by the control circuit, determining the location of the shelf

and instructing movement of the image sensor to orient
on that location.

14. The method of claim 13, further comprising:

by the sound emitter, emitting a predetermined sound

having a specific frequency; and

by the control circuit, identifying the shelf from a plurality

of shelves based on the specific frequency of the sound
produced by the sound emitter.
15. The method of claim 13, further comprising, by the
control circuit, performing at least one of:
activating the image sensor to capture the at least one
image at or near the time of receipt of the signal; and

recording the time of receipt of the signal to determine the
position of the at least one image from a plurality of
images captured by the image sensor.

16. The method of claim 13, wherein the image sensor is
oriented on a plurality of shelves, the method further com-
prising, by the control circuit:

determining the location of the shelf that is in the second

position and determining a region of the at least one
image corresponding to that location.

17. The method of claim 13, further comprising, by the
control circuit:

determining the location of the shelf in the shopping

facility based on the predetermined sound detected by
the at least one audio sensor; and

accessing a shopping facility geographic database identi-

fying locations of merchandise in the shopping facility
to determine the type of merchandise on the shelf.

18. The method of claim 13, further comprising, by the
control circuit:

calculating an amount of merchandise on the shelf based

on the at least one image; and

accessing and updating an inventory database.
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